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Abstract 
Petroleum refining generates enormous volumes of waste called petroleum sludge.  
This sludge is considered as a very dangerous waste due to its components which 
are petroleum hydrocarbons and heavy metals that have a cumulative effect and 
particular hazard towards human and the environment. This review addresses the 
background concept on treatment of petroleum sludge. The discussion begins with 
definition of petroleum sludge, which includes the characteristics of the sludge. The 
detailed discussion on petroleum sludge treatment includes comparison of each 
treatment. 
Keywords—petroleum sludge, characteristics, waste minimization, waste 
disposal, treatment 
 
1.  Petroleum Sludge Definitions 
Petroleum industry or also known as oil and gas (O&G) industry became an important as a new 
discovered resource in the middle of 1970s and has become increasingly important to the nation’s 
economy since the late of 1980s (Lee, 2013). As such, the petroleum industry in Malaysia contributes 
about 40% of the nation’s total revenues and has been identified as a key sector to fuel national 
growth under Malaysia’s Economic Transformation Programme.   
 
Petroleum industries produce waste during its crude oil exploration, production, transportation, 
storage, and refining process. The waste that generated from petroleum industries are called as 
petroleum sludge. The sludge is a thick, viscous mixture of sediments, water, oil, and high 
hydrocarbon concentration, encountered during crude refining, cleaning of oil storage vessels and  
refinery-wastewater treatment (Prakash et. al., 2015). The storage tanks and refinery-wastewater 
treatment plants are two major sources of oily sludge. 
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Petroleum sludge basically comprises of about 55.13% of water, 9.246% of sediments, 1.9173% of 
asphaltenes, 10.514% of wax, and 23.19% of light hydrocarbons (Islam, 2015). Sludge produced in 
the oil industry can contain up to 80% oil and 40% solids (Prakash et al., 2015; Hu et al., 2013). 
Another study conducted by Al-Mukhtar, 2015 found that oily sludge basically comprises of about 
55.13% of water, 9.246% of sediments, 1.9173% of asphaltenes, 10.514% of wax, and 23.19% of 
light hydrocarbons. 
 
It has been estimated that one ton of petroleum sludge waste is generated for every 500 tons of crude 
oil processed (Hu et al., 2013). Malaysia is Southeast Asia's second-largest oil producer behind 
Indonesia. Petroleum and other liquids production (including crude oil, lease condensates, natural gas 
liquids, biofuels, and refinery processing gains) in 2013 was nearly 670,000 barrels per day (bbl/d), 
hovering around the same level since 2011 and down from the country's peak production of 844,000 
bbl/d in 2003. Figure 1 shows Malaysia’s petroleum and other liquids production and consumption in 
year 2000 until 2015. The amount of the production was increasing from year 2000 until 2003 then 
descending until year 2011. However it started to increase again until year 2015 and it is expected 
that the total amount of petroleum production is still increasing and due to these demand, petroleum 
sludge production also increases.  
 
 
Figure 1: Malaysia’s petroleum and other liquids production and consumption in year 2000 until 
2015 (U.S Energy Information Administration, 2014). 
 
Petroleum sludge contains high concentration of inorganic contaminants. Inorganic contaminants are 
in the form of metal compound such as zinc (Zn), lead (Pb), copper (Cu), nickel (Ni), chromium (Cr), 
and mercury (Hg) (Mahmud et al., 2010). Metals concentrations in oily sludge obtained from 
petroleum refineries are generally 7-80 mg/kg for Zn, 0.001-0.12 mg/kg for Pb, 32-120 mg/kg for Cu, 
12-25 mg/kg for Ni and 27-80 mg/kg for Cr (American Petroleum Institute (API), 1989). Other studies 
found that metal concentration in petroleum sludge are 1299 mg/kg for Zn, 60200 mg/kg for Fe, 500 
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mg/kg for Cu, 480 mg/kg for Cr, 480 mg/kg for Ni, and 565 mg/kg for Pb (Marin et al, 2006, & Admon 
et al., 2001). Besides, according to  (Hu et al., 2013), the pH value of petroleum sludge is in the range 
of 6.5 and 7.5 and the chemical composition varies over a wide range, which is depending on crude 
oil source, processing scheme, and equipment and reagents used in refining process.  
 
The petroleum hydrocarbon and other organic compounds in petroleum sludge can be generally 
classified into four fractions, including aliphatics, aromatics, nitrogen sulphur oxygen containing 
compounds, and asphaltenes. The aliphatics and aromatic hydrocarbons usually account for up to 
75% of petroleum hydrocarbon in petroleum sludge (Hu et al., 2013; Hassani et al., 2017). As such, it 
has been reported that the solidification of organic loaded wastes often produces materials with poor 
strength characteristics (Karamalidis & Voudrias 2007). If organics are admixed with cement for 
example phenols, they would affect the cement hydration kinetics by retarding the reactions, hindering 
the formation of calcium hydroxide, and accelerating the reaction of modification of the colloidal C–S–
H (C: CaO, S: SiO2, H:H2O) gel precipitated at very early stages around the cement grains (Faschan 
et al.,1991). Some examples have been reported; 3-chlorophenol retards the hydration of cement 
paste and stabilizes the ettringite phase, slowing its conversion to monosulphate. Experiments with 
ethylene glycol, p-chlorophenol and p-bromophenol with Portland cement type I revealed that 
ethylene glycol inhibited the setting of cement and significantly decreased the compressive strength. 
Chlorophenol was found in crystals in the cement paste which also contained calcium. 
Chloronaphthalene was immiscible with the inorganic cement matrix and had no effect on hydration 
(Vipulanandan et al., 1993). 
 
Another concern aside from the problems associated with cement setting is that organic waste 
constituents usually do not form the strong chemical bonds within the cement that some inorganics 
do. Thus, because organic constituents are not chemically bound in the waste, their retention is 
strongly dependent upon physical entrapment (Karamalidis & Voudrias 2007). 
 
According to Department of Environment (DOE) Malaysia, petroleum sludge has been categorized as 
a schedule waste due to the highly contain of heavy metals. These sludges were listed in scheduled 
wastes under Environmental Quality of Scheduled Waste (Environmental Quality Act, 2005) and must 
be disposed off at a licensed landfill. Improper disposal of petroleum sludge could lead harm to 
environment and presents a risk to both ecosystems and human health. Petroleum sludge are 
discharged from tank bottom, interceptors, wastewater treatment, oil spill, filter clay, tar rags, and filter 
dust at maximum of 0.5 kg per ton of feedstock per refinery (Institute for Prospective Sustainable 
Development, 2001). As being recognized as a hazardous waste in many countries, the improper 
disposal or insufficient treatment of petroleum sludge can pose serious threats to the environment and 
human health. Generally, a higher refining capacity is associated with a larger amount of petroleum  
sludge production. It has been estimated that one ton of petroleum sludge waste is generated for 
every 500 tons of crude oil processed. In particular, throughout Malaysia, there are more than ten (10) 
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petroleum refineries, which yield to enormous quantities of sludge that should be disposed off ( 
Johnson et al., 2015).  
 
2.   Characteristics of Petroleum Sludge  
As mentioned earlier, petroleum sludge contains a variety of heavy metals. Inorganic contaminants 
are in the form of metal compound such as zinc (Zn), lead (Pb), copper (Cu), nickel (Ni), chromium 
(Cr), and mercury (Hg) (Mahmud et al., 2010). Table 1 shows a metal concentrations in petroleum 
sludge based on Petroleum Institute (API) and a study conducted by Marin et al., 2006, & Admon et 
al., 2001 and Marques et al, 2007. 
 
Table 1: Metal concentration in Petroleum sludge 
 
Heavy metals 
Metal concentrations 
(mg/kg) 
API Marin et al, 2006, & 
Admon et al, 2001 
Marques et al, 2007 
Zinc, Zn 7-80 299 321.7 
Lead, Pb 0.001-0.12 565 261.2 
Copper, Cu 32-120 500 105 
Nickel, Ni 12-25 480 320 
Chromium, Cr 27-80 480 - 
Iron, Fe - 200 - 
Mercury, Hg - - 31.3 
 
From Table 1, it shows that the heavy metals concentration found in petroleum sludge was not similar. 
From API, it is found that Copper (Cu) is the highest in the range of 32 to 120 mg/kg while the lowest 
was Lead (Pb) in the range of 0.001 to 0.12 mg/kg. Meanwhile, a study conducted by Admon et al., 
2001 and Marin et al., 2006 found that the highest was Lead (Pb) with 565 mg/kg and the lowest was 
Iron (Fe) with 200 mg/kg. However, a study conducted by Marques et al, 2008 found that the highest 
was Zinc (Zn) and the lowest was Mercury (Hg) with 321.7 mg/kg and 31.3 mg/kg respectively.  
 
Basically, the composition of petroleum sludge is very complex. It comprises of oil-in-water emulsion 
and suspended solids. The sludge also contains toxic substances like aromatic hydrocarbons, poly-
aromatic hydrocarbons and high total hydrocarbon content. Furthermore, sludge particles generally 
bear negative charge. Most of the particles in the sludge are attracted to each other rather than 
repelled. Because of high viscosity in petroleum sludge, this waste is difficult to be dehydrated (Nour 
et al., 2006; Ayotamuno et al., 2007). 
 
A study led by Asia et al., (2006) on the sludge from the petroleum industry revealed that value of total 
solids (TS) content, total suspended solids (TSS) and total volatile solids (TVS) were 1987 mg/l, 1050 
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mg/l and 937 mg/l respectively. The dissolved oxygen (DO) content was 3.7 mg/l. The biological 
oxygen demand (BOD) and chemical oxygen demand (COD) were 518 and 1345 mg/l, respectively. 
The values for total iron were in range of 3.11 mg/l to 12.17 mg/l. Cr values of 0.46 mg/l was also 
achieved from the sample meanwhile lead values were relatively with a range value of 0.08 to 1.5 
mg/l. It has been suggested that the operative chemicals used in the treatment of crude oil could be 
an additional source of iron in the water bodies. 
 
Other than that, petroleum sludge as mention earlier is considered as a hazardous sludge waste, and 
its physical–chemical characterization is very complicated. The sludge are comprises of about 55.13% 
of water, 9.246% of sediments and also 1.92% of asphaltenes, 10.51% of wax, 23.19% of light 
hydrocarbons and the high concentration of heavy metals for instance vanadium is 204 ppm, Fe is 
0.6% and nickel is 506 ppm (Kumar et al., 2013). 
 
Other than that, the pH value of petroleum sludge is usually in a range between 6.5 and 7.5 and its 
chemical composition varies over a wide range, depending on crude oil source, processing scheme, 
and equipment and reagents used in refining process (Hu et al., 2013). As an example, the total 
petroleum hydrocarbon (TPH) contents in petroleum sludge can range from 5% to 86.2% by mass, 
but more frequently in the range of 15–50%, whereas the contents of water and solids are in the 
range of 30–85% and 5–46%, respectively (Ramaswamy et al., 2007; Biswal et al., 2009; Tahhan et 
al., 2011). 
 
3. Petroleum Sludge Treatment 
Many researchers had conducted the treatment to reduce heavy metals from petroleum sludge such 
as incineration, oxidation, landfarming, landfill, biopile/composting, bioslurry, and 
stabilization/solidification (S/S).  
 
a) Incineration 
Thermal incineration is one of the available methods for petroleum sludge (Chang et al., 2000). The 
method is capable of degrading of all priority PAH, but the high energy cost associated with its high 
operating temperature of 820ºC to 1600ºC is a concern (Pakpahan et al., 2012). Also, ash produced 
from sludge incineration poses problems, challenges and issues regarding public health protection 
and environmental safety.  
 
b) Oxidation 
Oxidation treatment has been used to degrade a range of organic contaminants through chemical or 
other enhanced oxidation processes (Ferrarese et al., 2008). This treatment involves reactive 
chemicals to be added into petroleum sludge wastes to oxidize organic compounds or transform them 
to other non- hazardous substances such as inorganic salts. The oxidation can be brought by 
Fenton’s reagent, hypochlorite, ozone, ultra-sonic irradiation or permanganate by generating a 
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sufficient amount of radicals such as hydroxyl radicals that could react with most organic and many 
inorganic compounds (Rivas, 2006). Many researchers have proven that chemical oxidation can 
minimize PHCs and PAHs in soils. From the promising results, this method has recently been applied 
to oily sludge treatment. Mater et al., (2006) found that a Fenton type reagent at a low pH for example 
pH 3.0 could significantly reduce the concentrations of contaminants in oily sludge contaminated soil.  
Furthermore, Zhang (2012) utilized a combined process of ultrasonic and Fenton oxidation for the oily 
sludge treatment. As a result it was found that ultrasonic irradiation could enhance the Fenton 
oxidation effect on oily sludge degradation by improving the contact of hydroxyl radicals with PHCs 
compounds. Another advanced oxidation methods treatment available such as supercritical water 
oxidation (SCWO) has been reported in recent literatures of oily sludge treatment. SCWO method 
uses water above its critical point (375ºC, 22.1 MPa) as a reaction medium where gases, oil and 
aromatics form a single homogeneous phase, and the oxidation could proceed quickly and completely 
by converting most H-C-N compounds to water, carbon dioxide, and molecular nitrogen (Fujii et al., 
2011). Meanwhile Cui et al. (2009) applied the SCWO method for oily sludge treatment, and their 
results indicated that 92% of chemical oxygen demand (COD) in oily sludge was removed after only 
10 minutes of treatment.  
 
c) Landfarming 
Basically, land-farming treatment involves the incorporation of wastes into soil and then the use of 
various processes to degrade contaminants in that particular soil (Hejazi et al., 2003). Biological 
activity accounts for most of the degradation of organic pollutants, while physical and chemical 
removal mechanisms such as evaporation and photo-degradation may also be important for some 
compounds. Land-farming is a widely employed land treatment approach, and it spreads the well-
mixed oily sludge and fresh soil on the ground surface of a treatment site. The treatment efficiency 
can be improved by maintaining appropriate sludge application rate, aeration, fertilization, moisture 
content, and pH to maintain microbial density and enhance their activity in the sludge/soil mixture. 
Marin et al. (2006) applied landfarming method to clean up oil refinery sludge in a semi-arid climate, 
and their results showed that 80% of the PHCs were removed within 11 months of treatment, while 
half of this removal occurred during the first three months. Admon et al., (2001) also observed similar 
degradation pattern through some research on the land-farming of refinery oily sludge. The results 
also revealed that up to 90% of PHCs degradation were occurred within 2 months, while a relatively 
 high biodegradation activity was observed in the first 3 weeks of treatment. Hejazi and Husain (2004) 
studied the influence of three operating parameters such as tilling, addition of water, and addition of 
nutrients on a 12 months oily sludge land treatment under arid conditions. From the results they found 
that tilling was the main parameter responsible for achieving the highest PHCs removal rate of 76%.  
As compared to other oily sludge disposal technologies, land farming holds many merits such as 
relatively low capital costs, simple operation, high potential for success, low energy consumption, and 
the capability of treating a large volume of oily sludge (Khan, 2004) However, land farming of oily 
sludge requires a large area of land, and is a very time consuming process usually up to 2 years or 
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even longer since the soil or sludge conditions favoured by biodegradation are largely varies affect the 
contaminant biodegradation efficiency, and the performance of oily sludge land farming in cold 
regions can be compromised. Moreover, land farming can bring various environmental issues, such 
as the emission of volatile organic compounds (VOCs) and the risk of groundwater pollution due to 
the migration of leachate that may contain PHCs, phenols and heavy metals (Bhattacharyya et al., 
2003). 
 
d) Landfill  
Another widely used land treatment approach is secure landfill after oily sludge dewatering. This 
technology is used to isolates sludge wastes from air and water through the use of thick layers of 
impermeable clay and synthetic liner, and it also employs a leachate collection system above the 
bottom liner. Secure landfill is popular in developed countries because it can greatly address the 
environmental problems associated with land-farming, but its treatment cost is much higher 
(Bhattacharyya et al., 2003). 
 
The important consideration in the operation of a landfill to petroleum sludge disposal is the protection 
of groundwater from contamination by the materials contained in the landfill. Therefore it is essential 
that the lining of the containment is impermeable such as a lining of plastic sheeting. In some 
countries it is required to have multi-layer linings with integrated drainage systems for new landfills. 
Other than that, the deposition of liquid wastes is not permitted except under rigorously controlled 
conditions. Whether or not liquid deposition is allowed, arrangements should be made for the 
collection and treatment of leachate. The second consideration for the disposer is that wastes 
deposited in landfill are not immediately destroyed but only stored. They must not be capable or 
reacting in a harmful way to generate heat or noxious gases (Dando, 2003). 
 
e) Biopile/composting 
Biopile/composting of petroleum wastes has received massive attention nowadays as a substitute 
technology for land-farming which often requires a large land area. Biopile refers to the turning of 
waste materials into piles or windrows usually to a height of 2 m to 4 m for degradation by indigenous  
or extraneous micro-organisms. The bio-treatment efficiency can be improved with moisture 
adjustment, air blowing, and the addition of bulking agent and nutrients. Bulking agents usually 
include straw, saw dust, bark and wood chips or other organic materials. This addition materials as a 
bulking agents results in increased porosity in soil sludge piles and leads to to better air and moisture 
distribution in the matrices. This treatment technology is termed as composting if organic material is 
added (Marin et al., 2006). The biodegradation rate can be increased by manipulating a number of 
operating parameters such as controlling carbon, nitrogen and phosphrous (C:N:P) ratio, air blowing 
or tilling to improve aeration, and moisture and temperature maintenance to keep high microbial 
activity (Ball, 2012). 
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Many studies have been reported to use biopile/composting for refinery oily sludge treatment. Wang 
et al. [18] found that during the composting process of aged oily sludge, microbial metabolic activity 
and diversity were significantly enhanced by the addition of bulk- ing agent cotton stalk, with a TPH 
removal rate of 49.62% being observed in the middle layer of biopile after 220 days, but the 
application of large amounts of nutrient had a suppressing effect on the microbes. Liu et al., (2010) 
found that the addition of nutrients to oily sludge significantly increased the microbial activity and 
diversity, and the TPH in the treated sludge was decreased by 58.2% after about 1 year of 
bioremediation, but this number was only 15.6% in the control plot. 
 
Ouyang et al. [202] investigated the effect of bioaugmentation on the composting of oily sludge, and 
they found that the TPH content decreased by 46–53% in the piles after 56 days of treatment, but only 
decreased by 31% in the control piles. Kriipsalu et al., (2007) reported the aerobic biodegradation of 
oil refinery sludge in composting piles with four different amendments, and their results showed that 
after 373 days of treatment, the reduction of TPH was 62%, 51%, 74% and 49% in the piles with 
amendments of sand, matured oil compost, kitchen waste compost, and shredded waste wood, 
respectively. As compared to landfarming, biopile/composting is able to more efficiently remove PHCs 
in oily sludge and could treat more toxic compounds since it creates controlled conditions more 
favoured by biodegradation.  
 
f) Bio-slurry 
Bio-slurry treatment was reported to have faster pollutant removal than solid-phase treatment such as 
composting and was successfully been used and applied for preventing oil contaminated soils . This 
technology mixes sludge associated solids with water and dissolves contaminants into aqueous 
phase to obtain a larger amount of solubilised pollutants. The microbial degradation can then 
transform the pollutants to less toxic intermediates such as organic acids and aldehydes or end 
products of carbon dioxide and water. Slurry-phase biodegradation usually occurs in designed slurry 
bioreactors where the contact between microorganisms, PHCs, nutrients, and oxygen can be 
maximized (Weber et al., 2005). A variety of bioreactor designs are available, such as the rotating 
drum equipped with lifters to provide internal mixing, and the vertical tank equipped with an impeller  
for mixing. Bio-slurry treatment has been successfully applied to oily sludge decontamination. A study 
by Ayotamuno et al. (2007) applied a bio-slurry remediation approach to treat oily sludge through the 
addition of extraneous microbes as well as regular mixing and watering, and they found that the TPH 
reduction in sludge was 40.7–53.2% and 63.7–84.5% within two weeks and six weeks of treatment, 
respectively. Large-scale application of bio-slurry remediation on oily sludge also showed promising 
results. For example, Maga et al., (2003) reported that a 10,000 gallon sequencing batch reactor 
(SBR) was used for the on-site biodegradation of oily sludge, and the microorganisms degraded the 
PHCs in sludge from 20,000 ppm to less than 100 ppm within two weeks of treatment. 
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Bio-slurry degradation is a rapid and effective approach for oily sludge disposal which can greatly 
decontaminate oily sludge within a short treatment period. Unlike other biodegradation treatments, 
bio-slurry processing only requires a small area of land. A major concern with the application of this 
technology to field-scale oily sludge treatment is the relatively high treatment cost. The oily sludge 
slurry is non-homogeneous and clayey mixtures which can cause operation problems, and thus needs 
pre-treatment. During the bio-slurry treatment process, volatile gaseous compounds can be generated 
and thus may require treatment. After bio-slurry treatment, the mixtures also need dewatering. All of 
these pre-treatments and/or post-treatments could significantly increase the overall cost Maga et al., 
(2003). 
 
g) Stabilization/solidification 
Petroleum sludge generation is an inevitable problem during the operation of petroleum industry. Oily 
sludge needs an effective treatment due to its toxicity and adverse environmental effect. Thus, a 
variety of oil recovery and sludge disposal technologies have been developed and some of them have 
been applied to field-scale treatment. There are several techniques where the petroleum sludge was 
used as fuel supplement in solidification and stabilization (S/S), reused in road construction, recycle 
using crude oil, road spreading, on site burial, off site commercial facilities, incineration, high 
temperature reprocessing and the chemical treatment with solvents (Hu et al., 2013 and Shaheen et 
al., 2009). Immobilization by solidification and stabilization (S/S) of the heavy metal sludge prior to 
land disposal is an acceptable method, which is practiced in many countries worldwide. 
Immobilization with an appropriate binder formulation can lead to a stabilized product that could 
reduces the threat to the environment (Bhatt et al., 2014). 
 
Solidification/Stabilization (S/S) is a quick and inexpensive technique in treating the waste by 
converting immobilizing contaminants into a less soluble or a less toxic form and encapsulating them 
by creation of a durable matrix with high structural integrity (Duran et al., 2013). Solidification is one of 
the techniques by mixing the sludge with some solid addictive materials like fly ash, cement, lime, 
cement kiln dust, sulfur, clay and some combinations of them. Solidification attempt to exchange the 
waste into easily handled solid with reduced hazards from volatilization, leaching or spillage. This 
techniques used to prevent or minimize the release of hazardous compounds from the finished 
asphalt road base into the environment by producing a solid mixture, improve handling characteristics, 
decrease the surface area for contaminant transport and bonded the contaminate into a non-toxic 
form (Tuncan and Koyuncu, 2000). 
 
In the study by Karamalidis & Voudrias (2007), the waste was confined in the cement matrix by 
macro-encapsulation and they reported that the increased of cement addition to petroleum sludge led 
to the higher concentrations in leachates from batch extraction. Moreover, the study of Conner and 
Heoffner (2008) found that leaching test of oily sludge S/S treatment using Portland cement have 
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shown relatively high release of poly aromatic hydrocarbons (PAHs). Generally, Portland cement is 
not effective for the immobilization of several common organic contaminants.  
 
The used of binders that can increase absorption of organic compounds helps in improving their 
immobilization and prevent the detrimental effects on binder hydration for example by combining use 
of cement and active carbon (Caldwell et al., 2009). He found that the Portland cement with the 
addition of high carbon power plant fly ash (HCFA) significantly reduced the leaching of PHCs. In 
addition, an advantage of applying S/S technique is that some hazardous heavy metals in petroleum 
sludge can be immobilized into the cement matrix. Karamalidis and  Voudrias (2007) suggested that 
for oily sludge incineration byproducts such as sludge as and fly ash, the S/S technology could be 
used to prevent heavy metals from leaching. In the S/S technique, a binder is often used to stabilize 
the contaminants in the waste or contaminated site and to remove the free liquid. In cases where the 
waste is extremely soluble or no suitable chemical binder can be found, the waste may be contained 
in an encapsulated condition in some hydrophobic medium such as asphalt or polyethylene. This may 
be done either by incorporating the waste directly in the partially molten material or by forming jackets 
of polymeric material around blocks of waste (Ponou et. al., 2011). 
 
Additionally, in hazardous waste disposal and site remediation, treated material must achieve certain 
standards for safe land disposal by removing the hazardous characteristics, especially in Malaysia 
(Ahmaruzzaman, 2010). For toxicity characteristics, this usually requires passing concentration-based 
standards using the USEPA TCLP test (Harbottle et. al., 2007). To accomplish this goal, a variety of 
strategies may be used to prevent contaminant leaching, including neutralization, oxidation/reduction, 
physical and chemical effects from the contaminant. Appropriate treatment strategies must be taken 
to ensure the effectiveness of this technology, where appropriate binder selection must be 
benchmarked as the key to success (John et. al., 2011). 
 
The treatment methods have their own advantages and limitations. Table 2 shows a summary and 
comparison of oily sludge disposal methods meanwhile the advantages and limitation of the methods 
were summarized in Table 3. Based on Table 2, incineration, S/S method, oxidation, and bioslurry 
have efficiency greater than 90% which mean that these methods are able to treat the sludge. By 
comparing the cost of the treatment, incineration and oxidation are quite expensive compared to other 
method but the duration of treatment for both methods are faster with maximum duration is only within 
2 days. Landfarming and landfill required 1-2 years to treat the sludge even the cost is cheaper. 
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Table 2: Summary and comparison of oily sludge methods 
Method Status
a
 Efficiency
b
 Cost
c
 Duration
d
 By-product 
 
Incineration 
 
F 
 
A 
 
A 
 
A 
 
Hazardous gas emissions 
and fly ash 
 
Stabilization/ 
solidification 
 
L 
 
A 
 
B 
 
B 
 
Stabilized/ 
solidified products 
 
Oxidation 
 
L 
 
A 
 
A 
 
A 
 
CO2, oxidation 
intermediate 
 
Landfarming 
 
F 
 
B 
 
D-C 
 
D-C 
 
VOCs, contaminated soils, 
hazardous leachate 
 
Landfill 
 
F 
 
B 
 
C 
 
D-C 
 
Contaminated soils, 
relatively small amount of 
VOCs 
Biopile/ 
composting 
F B D-C C-B VOCs emissions if no 
VOCs collecting units exist 
 
Bioslurry 
 
F 
 
A 
 
C-B 
 
C-B 
 
Sludge slurry 
a F, field scale; L, laboratory scale.         
b Efficiency (PHCs removal rate) A: >90%; B: 75–90%; C: 50–75%; D: <50%. 
c Cost (US$/m3) A:>200; B: 100–200; C: 50–100; D: <50; –: unknown. 
d Treatment duration A: <1–2 days; B: 1–6 months; C: 6–12 months; D: 1–2 years. 
 
Table 3 : Advantages and Limitations of oily sludge methods 
Method Advantages Limitations 
 
Incineration 
 
Rapid and complete 
removal of PHCs in oily 
sludge, heat value can be 
reused 
 
High cost of equipment and auxiliary fuels, gas 
emissions and fly ash need further treatment, 
pre-treatment of moisture removal is required, 
unable to treat heavy metals 
 
 
 
Stabilization/ 
 
Fast and efficient of 
 
Moisture content in oily sludge need to be 
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solidification encapsuling PHCs in 
stabilized/solidified 
products, low cost, able to 
encapsulate heavy metals 
in oily sludge 
 
reduced first, PHCs cannot be completely 
removed, loss of recyclable energy, 
stabilized/solidified products require proper 
management 
 
Oxidation 
 
Rapid and complete 
removal of PHCs in oily 
sludge, relatively 
insensitive to external 
disturbances 
 
Large amount of chemical reagents is utilized, 
high cost and not environmentally sound, loss 
of recyclable energy, high cost if advanced 
oxidation process taken place, limited effect on 
heavy metals 
 
 
Landfarming 
 
Low cost and do not need 
much maintenance, large 
treatment capacity 
 
Very slow process, pollutants may build up on 
repeated applications, VOCs emission 
problems, risk of underground water pollution, 
occupy a very large area of land 
 
Landfill Large treatment capacity, 
relatively low cost, VOCs 
emission is collected and 
groundwater pollution 
could be prevented 
Higher cost than landfarming, very slow 
process, occupy a very large area of land 
Biopile/ 
composting 
Relatively large treatment 
capacity, faster process 
than land treatment, less 
land area requirement 
than landfarming, suitable 
for cold regions and 
various terrain 
Higher cost and smaller treatment capacity 
than land treatment, still requiring a large area 
of land 
 
Bioslurry 
 
Fastest biodegradation 
approach, great PHCs 
removal performance, 
small land area 
requirement 
 
 
High cost, small treatment capacity, need 
skilled operation, maintenance and monitoring, 
slurry residues need proper management 
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4. Conclusions  
Petroleum sludge generation is an inevitable problem during the operation of petroleum industry. This 
sludge needs an effective treatment due to its toxicity and adverse environmental effect. Thus, a 
variety of oil recovery and sludge disposal technologies have been developed and some of them have 
been applied to field-scale treatment. From this review of treatment method for petroleum sludge it 
can be concluded that all the methods has their own advantages and limitations in order to treat the 
petroleum sludge effectively. Waste generation of petroleum industries are important to be properly 
managed in order to minimize their potential harm to health and environment also an efficient 
management of those waste can reduce operating costs and potential liabilities. 
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